In this scope of study, a new method has been devised for estimating the parameters of Weibull distribution for along wind load calculation. IS standard computes square of the mean wind velocity recorded over a period of time to calculate along wind load. The Indian standard code of practice on wind load (IS-875 (part-3), 1987) is a bit outdated and requires prompt amendments to draw parity with other international codes. This paper uses mean of the square wind velocity for better estimation of the along mean wind load. This paper will help to improve existing national code of standard, as and when it takes up the revision of 
Introduction
Along mean wind load has a pronounced effect on most of the structures and hence its detailed analysis is indispensible. Most international codes and standards provide guidelines and procedure for assessing the along mean wind load effects on structures. IS-875 (part-3) suggests the following relation to estimate the along mean wind load.
F z =along wind load on structure at any height Z corresponding to strip area A e C f = force coefficient for the structure A e =effective frontal area considerd for the structure at height Z p z =design pressure at height Z due to mean hourly wind obtained as (0.6 2 v )
G= gust factor
In this paper, mean of the square wind velocity has been used for better estimation of p z and hence along wind load. The conventional practice in national code of standard which uses square of mean wind velocity will lead to a possible underestimation of p z especially for lower values of Weibull shape parameter which will be further discussed in this scope of research.
Methods for Estimating Weibull Parameters
Wind is stochastic in nature. Speed and direction of the wind at a location vary randomly with time. Apart from daily and seasonal variations, the wind speed pattern may change from year to year. The wind speed is random variable and for defining the distribution of wind velocity in a regime over given period of time statistical model is required.
In recent years, Weibull distribution has been universally accepted for defining the wind speed frequency distribution. In Weibull distribution, the variations in wind velocity are characterized by the two functions; (1) The probability density function and (2) The cumulative distribution function. The probability density function (f (v)) indicates the fraction of time (or probability) for which the wind is at a given velocity v. It is given by
Here, k is the Weibull shape factor and s is scale factor. The cumulative distribution function of the velocity v gives us the fraction of time (or probability) that the wind velocity is equal or lower than v. Thus the cumulative distribution F(v) is the integral of the probability density function. Thus,
Average wind velocity of a regime, following the Weibull distribution is given by
Several methods have been proposed for estimating the Weibull parameters. Here we will discuss seven different methods, including new one and firstly presented in this paper.
Graphical method
In the graphical method, we transform the cumulative distribution function in to a linear form, adopting logarithmic scales [Chang (2011) ]. The expression for the cumulative distribution of wind velocity can be rewritten as
Taking the logarithm twice, the following relation is obtained:
Plotting the above relationship with ln(v) along the X axis and ln{-ln[1-F(v)]} along the Y axis, we get nearly a straight line. From Eq. (6), k gives the slope of this line and -k ln s represents the intercept.
Maximum likelihood method
The Weibull distribution can be fitted to time-series wind data using the maximum likelihood method as suggested by Stevens and Smulders (1979) . The maximum likelihood estimation method is difficult to solve, since numerical iterations are needed to determine the parameters of the Weibull distribution. In this method, the parameters k and s are determined according to the equations below [Ghosh (1999) ]: Where v i is the wind speed in time step i and n is the number of nonzero wind speed data points. Eq. (7) must be solved using an iterative procedure (k=2 is a suitable initial guess), after which Eq. (8) can be solved explicitly. Care must be taken to apply Eq. (7) only to the nonzero wind speed data points.
Modified maximum likelihood method
When wind speed data are available in frequency distribution format, a variation of the maximum likelihood method can be applied The Weibull parameters are estimated using the following two equations [Seguro et al. (2000) ]:
Where v i is the wind speed central to bin i, n is the number of bins, f(v i ) is the frequency with which the wind speed falls within bin i, f(v ≥ 0) is the probability that the wind speed equals or exceeds zero. Eq. (9) must be solved iteratively, after which Eq. (10) can be solved explicit.
Moment method
k and s are related to the v and σ by following equations [Justus et al. (1978) ]:
Where v and σ are the mean wind speed and the standard deviation of the observed data of the wind speed, respectively. Eq. (13) can be solved numerically to find out Weibull parameters.
Empirical method
It is considered as a special case of the moment method, where the shape (k) and scale parameter (s) of the Weibull distribution is given by the following Eqs. [Akdag et al. (2009) 
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Energy pattern factor Method
Energy pattern factor (E pf ) is the ratio between the total power available in the wind and the power corresponding to the cube of the mean wind speed [Raichle et al. (2009)] . Thus E pf is given by:
Once the energy pattern factor for a regime is found from the wind data, an approximate solution for k is given by [Garcia et al. (1998) ]:
The scale parameter, s is given by
Load factor method
This new method was developed in the scope of this article and used for estimating Weibull parameters. It can be easily derived. It is easy to implement and requires less computational work than other methods. Load factor is given by:
This is the ratio of the square mean velocity to the square of the mean velocity. Load factor is a function of k only. Once the load factor form the observed data are known, Weibull parameters can be estimated by solving Eq. (19) iteratively or approximate solution is given by the formula:
Proc. of the 8th Asia-Pacific Conference on Wind Engineering (APCWE-VIII)
Comparison of Methods
The different methods were compared for wind speed data of the stations like Vishakhapatnam, Tiruchirapalli, Kalaikunda and Madras Harbour. The hourly mean wind speed data available by Indian Meteorological Department, Pune covering the period of 1969-1990, 1969-2006, 1969-1982 and 1969-1987 
Where, N is the number of observations, y i is the relative frequency of the observed data and x i is the relative frequency of Weibull distribution. These tests give the goodness of fit result for different methods. Fig. 1 shows the graphs between the Weibull probability function (f(v)) and hourly mean wind speed for the Indian locations (Triuchirapalli, Vishakhapatnam, Kalaikunda and Madras Harbour) based on parameters calculated using different methods. From Fig. 1 , it may be inferred that out of these seven different methods, which one is best fitted to the histogram obtained from actual data. These statistical tests (Tables 1-4) help to determine the best method for fitting data with Weibull distribution model. However, these tests do not ensure the appropriateness of the method for which theoretical value of mean of square velocity will be the closest to the observed one. For verifying this, an array of 100x100 wind data were generated by Monte-Carlo simulation, taking values of shape and scale parameters as 2 and 3 m/s respectively, from Weibull model. On the basis of RMSE and Chi-square test, it can be inferred that load factor and method of moment give the minimum variation between observed and theoretical values of mean square velocity. 
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Results and Discussions
In this study, the means of square velocity have been estimated for four locations mentioned above, by Weibull parameters which were determined by newly suggested load factor method and method of moment. For comparing square of mean velocities with mean square velocities, the formers have been determined by Weibull parameters which were obtained by the best method rendering minimum values of RMSE. Then percentage deviations from the observed value of mean square velocity and theoretical value calculated by the load factor and method of moment and square of mean velocity have been calculated which are given in the tables below. For smaller values of k (shape parameter) load factor method is a preferable one for determining Weibull parameters of wind speed and subsequent determination of mean wind load which is proportional to the square of wind velocity. At lower values of k, there is significant variation in values between square of the mean velocity and mean square velocity even for small changes in the value of k which is depicted in Fig. 1 shown below. Table 10 given below: 
Conclusion
Load factor method can be viewed as the most preferable method for wind load calculation on structures. This has been verified by statistical analysis done through a comparison of this method with other six existing methods. It has been observed that load factor method gives the smallest variation in mean square velocities when compared with the observed values in most cases of actual wind data and also from simulated data. Load factor method gives the best estimate of mean square velocity for small values of shape parameter. As the value of shape parameter increases, deviation from the observed value of mean square velocity also increases.
